Our aim was to assess the effects of initial ultrasonography (US) evaluation on the diagnosis and management of non-traumatic acute abdominal pain in the emergency department. Three hundred patients with the complaint of nontraumatic acute abdominal pain who were sent for US examination with an initial clinical impression were included in the study. Pre-US and post-US surveys were designed for the clinicians who requested US. The percentage concordance of US findings with the discharge diagnosis made by clinical follow-up, imaging modalities and surgery was determined by calculating the confidence interval. The concordance of the initial clinical impression and the US diagnosis with the discharge diagnosis were compared using the McNemar test. US could not detect any pathology in 102 (34%; 95%CI, 28.6-39.3%) of the patients. The US revealed a different diagnosis than the clinical impression in 69 (23%; 95%CI, 18.2-27.7%), and confirmed the diagnosis in 121 (40%; 95%CI, 34.4-45.5%) patients. The US changed the treatment plans in 47% (95%CI, 41.3-52.6%) of the patients. The clinicians stated US helped them "very much" or "moderately" in making a diagnosis in 83% (95%CI, 78.7-87.2%). When US results were compared with the discharge diagnosis, there was concordance in 238 (79.3%; 95%CI, 74.3-83.6%) patients but not in 62 (20.6%; 95%CI, 16-25.1%). Among 121 patients the initial clinical impression agreed with the US diagnosis and there was concordance with the discharge diagnosis in 105 (86.7%; 95%CI,. The concordance of US findings with the discharge diagnosis was significantly higher than that of the initial clinical impression statistically. In the initial evaluation of the patients with acute abdominal pain, US is considerably helpful in making the correct diagnosis, and that the concordance with the discharge diagnosis is high. When whole abdominal scanning is not performed, targeted US study according to the initial clinical impression decreases the clinical benefit of US.
Introduction
Acute abdominal pain is one of the most frequent causes of emergency department (ED) admission and accounts for 4-5% of all ED patients [1] . Acute abdominal pain can be either surgical or medical, in origin, so effective treatment is dependent upon correct diagnosis. The acute abdomen has a broad spectrum of causes ranging from benign self-limiting conditions to diseases with high morbidity and mortality [2, 3] . Therefore, early diagnosis and treatment are important. Although the history, physical examination and laboratory tests are the main steps used to make a diagnosis, they are not always reliable. Ultrasonography (US) is not invasive, requires neither radiation nor a contrast agent and is a readily available, repeatable, cheap and rapid method of investigation. These features make it a desirable initial imaging evaluation to attempt to reach a diagnosis following the initial clinical evaluations.
Various etiologies of acute abdominal pain can easily be detected with computerized tomography (CT scan). The CT scan is specifically beneficial in obese patients with retrocecal appendicitis, deeply located sigmoid diverticulitis, gastrointestinal perforations or closed-loop intestinal obstruction where the utility of US is limited [4] . A CT scan has become a widely used imaging study in the evaluation of the patients with abdominal pain and its use is increasing [4, 5, 6, 7] , although US use is sufficient for some pathologies.
In the present study, we aimed to evaluate the role of US in determining diagnosis and treatment of patients who were admitted to the ED with an acute abdominal pain.
Materials and methods
The study group was composed of patients admitted to the ED with the complaint of non-traumatic acute abdominal pain, and who were sent for US examination with an initial clinical impression between September 2005 and January 2006. Patients with traumatic abdominal pain were excluded. Pains having a history shorter than 7 days were defined as acute abdominal pain [8] . Initial clinical diagnoses were made with history, physical examination, laboratory tests, and direct abdominal radiography, if available.
The clinicians who asked for the US examination were requested to fill in two survey forms; one before the examination and one after. The items in the form were: the initial clinical impression, choice of management (surgical, medical or other), expectations from US (confirmation or rejection of the diagnosis, to search for a diagnosis when it was not clear, to resolve the conflicting clinical findings, not sure/other) and why US was requested primarily (the best method to reach to a diagnosis, ready availability, radiological proposal, and other). It was also asked if any other radiological evaluations were requested together with US.
Two emergency resident physicians were employed for this task. Within working hours, these two physicians made the other emergency resident physicians fill out the pre-US survey forms when they asked for US examination for a patient with non-traumatic acute abdominal pain. The forms were handed back before the results of US examination so that no changes on the forms could be made. After the US results, the physicians were requested to fill in the second form. Out of the working hours, the forms were filled in with the same procedure only when the two employed physicians were on duty. On the other days, the patients with acute abdominal pain were excluded for the sake of objectivity. When the study period was over, hospital records were investigated retrospectively for the patients whose forms were filled in completely. The age, gender, physical examination and laboratory test results, radiological evaluations other than US, the procedures, treatment methods and their results were all recorded.
Abdominal US examinations were performed at the radiology unit of the ED by the radiology resident physicians who were on duty for 24 h. In cases when resident physicians were not sure about the US diagnosis, evaluations were reviewed again by an attending radiologist. When a discrepancy existed, the decision of the attending radiologist was accepted. The examinations were performed with an ultrasound unit (Sonolayer SSA-270A, Toshiba, Tokyo, Japan) equipped with 3.75 MHz convex probe.
The post-US-diagnosis survey investigated if the suspected diagnosis was confirmed or rejected, if US contributed to the diagnosis, if the location of the pathology was detected, and the method of treatment. The survey also included a question to find out how helpful the US was. The answers were designed as "very helpful", "moderately helpful", "mildly helpful", "and not helpful at all". Furthermore, we tried to determine in which cases and how much US was helpful alone, and how much the additionally requested radiological examinations contributed to the diagnosis.
All the survey answers given before and after US were compared, and to assess the therapeutic effect of abdomen US, it was noted whether it caused any alterations in the treatment plans. The percent concordance of US findings with the discharge diagnosis was determined by calculating the confidence interval. The patient's discharge diagnosis was determined by a review of the patient's medical record of pathology, surgery, additional imaging studies, or clinical follow-up.
The concordance of the initial clinical impression and the US diagnosis with the discharge diagnosis were compared using the McNemar test.
Results
The patients who underwent abdominal US studies due to trauma and patients in whom US studies were performed without filling out the surveys were excluded. There were a total of 335 patients with non-traumatic acute abdominal pain for whom pre-and post-US forms were filled in completely. Thirty-five patients in whom a discharge diagnosis was not made were excluded. Of these, 16 were transferred to other clinical centers, 13 were directed to outpatient clinics after consulting to the Department of General Surgery but they failed to return as requested, and finally, we failed to find the discharge diagnoses of six patients either in hospital records or in the notes of General Surgery.
A total of 300 patients who underwent an emergency abdominal US study were included in the study. The gender distribution was equal; 150 males and 150 females. The age range was 18-96 with a mean of 52 ± 20 (SD).
Of the 300 US studies performed, 156 were requested because it was considered to be the best examination method, 136 were requested because it was readily available, and 8 were requested by the surgeons. Except for the last 8, all the US studies were requested by the emergency resident physicians. Two hundred and seventy-seven (92%) of the US studies were requested for the confirmation or rejection of a suspected diagnosis or to provide a diagnosis where there was no clear differential in 23 (8%) patients. After the US study, according to the result of the second survey, the suspected diagnosis was confirmed or rejected in 228 patients (76%) and the study resolved the unclear diagnosis in 12 (4%) (out of 23). In 60 (20%) patients, clinicians stated that the US study failed to make any contribution to the diagnosis.
The initial clinical impressions before US are shown in Table 1 . The management plans according to these initial diagnoses were medical for 81 patients, surgical for 196 and uncertain for 23. In some of the patients, the US study request was made not to confirm the suspected clinical diagnosis, but to reject it. Although the request was made to reject the suspected diagnosis, the survey question about the treatment plan was answered as if it were the diagnosis. Thus, all the patients in the study had a treatment plan before the US examination due to the survey format even though they might have been thought to be dischargable. After the US study, the management plans were as follows: medical for 44 patients, surgical for 88, and 105 were discharged with a follow-up. After the US study, 63 patients were hospitalized. For 143 [51%; (95%CI, 45.1-56.8%)] of the 277 patients, the treatment plans determined before US were altered after US. When the 23 patients with uncertain treatment plan were considered, the alteration rate became 47% (95%CI, 41.3-52.6%). Treatment plans before and after US and the alterations are shown in Table 2 . In the survey investigating how beneficial US was to the clinician in the diagnosis, it was stated to be "very helpful" in 177 (59%; 95%CI, 56.2-61.7%), "moderately helpful" in 73 (24%; 95%CI, 22-26%), "mildly helpful" in 45 (15%; 95%CI, 13.5-16.4%) and "not helpful at all" in 5 (1.7%; 95%CI, 1.5-1.8%).
While US could not detect any pathology in 102 (34%; %CI, 28.6-39.3%) patients, it revealed a different diagnosis than the clinical impression in 69 (23%; 95%CI, 18.2-27.7%), and confirmed the diagnosis in 121 (40%; 95%CI, 34.4-45.5%) patients. Of the 102 (34%; 95%CI, 28.6-39.3%) patients in whom US could not detect any pathologies; 84 (28%) were accepted normal in the evaluation, and in 18 (6%), the US study was not optimal due to the patient's obesity, excessive bowel gas or failure to co-operate with the examination. The diagnoses made after US are shown in Table 3 . When US results were compared with the discharge diagnosis, there was concordance in 238 (79.3%) patients (95%CI, 74.3-83.6%). There was no concordance in 62 (20.6%; 95%CI, 16-25.1%) patients (Table 4) . Of the 171 patients whose US findings were normal (n: 102) or different (n: 69) from the initial clinical impression, 126 (73.7%) were in concordance with the discharge diagnosis (95%CI, 70.7-76.6%). Of the 69 patients whose US diagnoses were different from the initial clinical impression, 60 (87%) were in concordance with the discharge diagnosis (95%CI, 79-95%). There was concordance in 105 (86.7%) of the 121 patients whose initial clinical impression were confirmed with US (95%CI, 80-92.7%). When the concordance with the discharge diagnosis was considered, the US diagnoses were quite different from that of the initial clinical impressions, and this difference was statistically significant (P < 0.001). At the diagnostic stage, a CT scan was performed besides US in 32 (10.6%; 95%CI, 7-14%) patients. The final diagnoses of these patients were; 11 acute pancreatitis, 6 cholelithiasis, 2 acute appendicitis, 1 intra-abdominal abscess, 2 ileus and 1 sepsis (the CT scan revealed only a pleural effusion). While in 3 of the 4 patients whose initial clinical impressions were non-specific abdominal pain, the CT scans were normal, in 1 the diagnosis was acute appendicitis (false positive) (Table 5) . However, during clinical follow-up, due to the regression of acute abdominal pain and the physical relief, this case was also considered as non-specific abdominal pain. 
Discussion
For years, an US study has been an imaging method used to evaluate patients. It has been extensively used in the ED, specifically to determine the patients who require urgent surgery, and to provide information as to which surgical etiology is present. Technological advances have improved the quality of the US devices and thus its clinical benefits [9] . Technological advances have also affected CT scanners and have improved the image resolution and shortened the scanning time. These improvements, when proper imaging protocols are used, make the CT scan an effective diagnostic method in revealing pathology that an US study fails to detect. Recently, CT scanning has become the preferred in imaging study, specifically for the non-traumatic acute abdominal pain following clinical examination [2, 7] . However, it has been reported that when performed by experienced radiologists, an US study can also be a reliable method in revealing many of the causes of acute abdominal pain [10] . When the use of contrast agent, exposure to radiation and the cost are considered, we believe that an US study continues to have a useful place in the evaluation of acute abdominal pain.
In our study, when the US study results were compared with the discharge diagnoses there was a concordance in 238 (79.3%) patients. This ratio is 80.9% in the study of Siegel et al. [11] almost the same as ours. Of the 171 patients whose US results were normal or whose US diagnoses were different from the initial clinical diagnosis, 126 (73.7%) were in concordance with the discharge diagnosis. There was concordance with the discharge diagnosis in 105 (86.7%) of the 121 patients whose initial clinical diagnosis were confirmed by an US study. It may be thought that an US study is a time consuming procedure, but for the cases in which a suspected diagnosis has been eliminated, to continue the investigation of other possible pathologies can prevent the possibility of missing any unexplained pathologies that are causing the acute signs and symptoms [11] . We also believe that targeted abdominal US examinations reduce the effectiveness and benefit of an US study, and that a complete abdominal US study is a more effective diagnostic method in patients with acute abdominal pain. When an US study is done under the influence of the suspected clinical diagnosis, effectiveness of the study may decrease even in cases of whole abdominal US scanning.
In the study of Rosen et al.
[2] the treatment plan changed in 33 (66%) of the 55 patients. In the clinical study of Nagurney et al. [7] it is reported that the treatment plans of 51 (41%) patients out of 124 were changed, but some of them were insignificant. In their study, US was only one of many parameters (e.g., clinical and laboratory findings and imaging methods like direct X-ray and CT scanning) used in making the diagnosis that changed the prospective treatment plan from the initial clinical impression [7] . In our study, which has a larger population, evidently the US study changed the treatment plans of the 47% of the patients. It can be seen in Table 2 that most of the patients who might have been treated surgically according to the initial clinical impression were treated medically, and some of those who had been thought to be treated medically were treated surgically, and the rate of changes are significantly high. The US study findings played an important role in final diagnosis together with the physical examination and laboratory tests. Furthermore, an abdominal X-ray study was employed in the study. However, the effect of the abdominal series on these changes was not evaluated. In the study of Dhillon et al. [8] that evaluates the therapeutic effect of US on acute abdominal pain, it is reported that it changes the treatment plans of 22 of 100 patients. In our study, the preliminary management method according to the clinician's suspected diagnosis for 196 (65%) patients was surgical. Nevertheless surgery was performed only in 81 (41%) of these 196. This shows that US is requested not only to confirm the diagnosis but also to eliminate it. It also explains why the number of normal US study findings (34%) and the treatment plan changes are so high. It can be seen in the study of Siegel et al. [11] that normal US study findings are high (40%) for the same reason.
In the study of Dhillon et al. [8] it is stated that the use of US study in the diagnosis of acute abdominal pain is significantly effective, and that an US study is "very" or "moderately" helpful to the clinician in 87% of the cases. In our study an US study was "very" or "moderately" helpful to the diagnosis of the clinician in 83% of the cases. These results show that for patients who are admitted to the ED with an acute abdominal pain complaint, an US study provides an important assistance in making the diagnosis.
When the US study findings were compared with the discharge diagnoses, there was no concordance in 62 (20.6%) patients. The US study failed to achieve concordance with the discharge diagnosis in 10 of the 23 patients with acute pancreatitis, in 10 of the 43 patients with ileus, in 7 of the 37 patients with acute appendicitis and in 7 of the 24 patients with acute cholecystitis, (the US study detected a gallbladder stone in 3 of them). In 2 of the 3 mesenteric ischemia cases, the US study failed to make a diagnosis. Additional CT scanning was performed in six of the patients with acute pancreatitis and in one of the patients with acute appendicitis, because the US study failed to make a diagnosis. Even in patients whose clinical findings overlap acute appendicitis, an US study can be effective for the clinician in finding out whether there is an additional pathology in the abdomen. It appears that diagnostic accuracy of US in acute pancreatitis is low. Acute pancreatitis and mesenteric ischemia are two of the diseases that are not detectable initially by an US study [12] . Clinical and laboratory findings play an important role in the diagnosis of such diseases. These findings make CT scanning necessary.
In patients with acute abdominal pain, no pathologies may be detected with an US study [4] . This was true in 102 (34%) patients in our study. In the discharge diagnosis, there were no pathologies in 67 (65%) of these 102 patients and 63 were labeled as non-specific abdominal pain. The diagnoses for two patients were sepsis that did not originate from the abdomen, and one had a myocardial infarction. An US study can prevent unnecessary surgeries in patients who have acute abdominal pain. For the cases in which clinical and laboratory findings indicate pathology, further investigation is needed.
In our study 32 (10.6%) patients underwent a CT scan in addition to an US study. The CT scan yielded a different diagnosis in 12 (37.5%) of these 32 patients, but confirmed the same diagnosis as the US study in 18 (56.2%). Riddell's and Khalili's [13] studies report that a second investigation method does not reveal any additional findings in 60% of the patients. A similar score was obtained in our study. Seltzer et al. [14] state that a consultation being made before the CT request will provide more detailed clinical information, and will reduce the required number of additional imaging methods. This consultation is urged specifically by 1.
2.
3.
the necessity of the application of the proper CT scanning protocols according to the patient's clinical condition to make the optimum evaluation. Therefore, it is very important that the clinician should be in close co-operation with the radiologist, and should state in detail why the CT scanning is being requested. This will provide the optimum benefit in the determination of the etiology of the acute abdominal pain, and reduce unnecessary CT evaluations.
In conclusion, it appears that in the preliminary evaluation of the patients admitted to the ED with the complaint of acute abdominal pain, an US study is quite helpful to the clinician to confirm the diagnosis, and the diagnosis it makes is in high concordance with the discharge diagnosis. The concordance between the discharge diagnosis and the suspected diagnosis confirmed by the US study indicates the importance of the co-operation between the clinician and the radiologist. In some pathologies where clinical and laboratory findings suggest an US study would be the wrong imagining study to achieve the correct diagnosis, a CT scan can be employed initially. For cases in which the US study fails to confirm a suspected diagnosis, the detailed and careful investigation of the abdomen for other pathologies will make US study an effective diagnostic method.
